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INTRODUCTION 
Endodontic treatment is broadly performed on teeth evidently affected 
by caries, multiple repeat restorations and/or fracture. It involves the removal 
of necrotic and infected pulp tissue followed by the provision of a well-
condensed obturation to prevent further microbial proliferation within the 
canal system.
31,98
However, the long term clinical success of root canal 
treatment depends on efficient post endodontic restoration which prevent 
bacterial recontamination of the root canal system from the oral fluids.
45,86 
Several researches have proposed that the dentin in root canal treated 
teeth is appreciably different than dentin in teeth with vital pulps, where a 
protective feedback mechanism is lost when the pulp is removed and roots are 
more prone to fracture
79,86
.Therefore,endodontically treated teeth that have 
severe coronal damage and weak radicular portion are restored with posts and 
cores so that it can reinforce its form and function.
 
 The fundamental rationale of an endodontic post is to retain the 
coronal restoration in a root canaltreated tooth that has endured an extensive 
loss of crown structure because of decay, excessive wear or 
oldrestoration.
86,102
A variety of materials have been used for posts ranging 
from wooden posts of the 18th-century to metallic posts made of precious or 
non-precious casting alloys and, more recently, carbon fiber, glass fiber,poly 
ethylene fibre, ceramic andzirconia posts. Endodontic posts are available as 
active or passive posts, parallel or tapered, custom made or prefabricated.
84,86 
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 Generally active posts are threaded and are anticipated to engage the 
walls of the canal, whereas passive posts are retained firmly by the luting 
agent. Active posts are more retentive than passive posts, but they bring in 
more stress into the root dentin.
79,80 
On other hand, parallel posts induce less stress into the root, because 
there is less of wedging effect, and are reported to be likely to cause root 
fracture than tapered posts.
79
 But greater removal of root canal dentin is 
usually inevitablein parallel posts.For this reason, tapered posts are generally 
recommended, especially in teeth with thin roots and delicate morphology as 
they require only minimal removal of root canal dentin.
79,99 
 For many decades, traditional custom cast posts were used which are 
extremely rigid, promotestress concentrates in isolated points that increases 
the risk of root fractureand highly unesthetic.
54
Pre-fabricated post systems 
have become more popular because they can provide satisfactory results while 
saving time and reducing cost. 
34 
In 1990,Duret et al introduced fiber post with modulus of elasticity 
approaching that of the root dentin that effectively transmit and distribute the 
stress uniformly throughout the dentinal walls.
31
 These fibre posts can be 
adhesively luted to the root canal dentine using polymerizable resin cement. 
The inherent chemical homogeneity between the fibre post and the resin 
cement enables them to function together as a homogenous biomechanical 
unit, known as tertiary monoblock that mechanically replaces the lost dentin.
65 
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The bonding strategies are usually employed to achieve 
micromechanical retention between the resin cement and root dentin.
33
 An 
important aspect of adhesive procedure for fibre post cementation is that two 
interfaces are involved namely, resin cement and root dentin interface and 
resin cement and fibre post interface. The adhesion in both interfaces is crucial 
for the long term success of post endodontic restoration.
72 
 Regarding dentin and resin cement interface widerange of investigation 
was done using surface treatment of root canal dentin to remove smear layer 
and increase surface energyfollowed by cementation with conventional and 
self adhesive cements.In order to improve the adhesion between fibre post and 
resin cement interface, pre-treatment on the post surface have been proposed.
19 
 Glass fibre posts are composed of various types of glass fibres such as 
SiO2,CaO, B2O3,Al2O3, inorganic filler and polymer matrix, commonly an 
epoxy resin or other resin polymers.
82
 Thus, to enhance the interaction, post 
surface treatments are recommended to remove the superficial epoxy resin 
matrix and expose the internal glass fibres.
54 
Different surface treatments have been applied for conditioning of the 
post surface, namely, silanization, hydrofluoric acid etching, hydrogen 
peroxide, airborne-particle abrasion, methylene chloride, and laser 
irradiation.
64
 
Laser technology is one of the latest developments that found to have 
an impact on the alterationof the material surface for improving roughnessand 
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bond strength. Among the various laser types employed indentistry, the 
neodymium:yttrium-aluminum-garnet(Nd:YAG) laser and erbium:yttrium-
aluminum-garnet (Er:YAG) laser were themost highly recommended to 
carryout roughening of materials, due to their high power.
38,89 
There is little information in the existing literatureon the bonding 
capability of pre-treated glass fiberposts to resin cement. Therefore, the 
purpose of thisin vitro study was to investigate effects of differentsurface 
treatments including sandblasting, HF and Er:YAG laser treatments onthe 
strength of the bond between glass fiber posts andresin cement, and surface 
roughness of the posts.
 
 The null hypothesis was that there is no change in surface roughness 
after pretreatments with 9.6% hydrofluoric acid, sand blasting and Er:YAG 
laser. 
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AIM AND OBJECTIVES 
 
AIM OF THE STUDY: 
The aim of this in vitro study was to evaluate the surface roughness 
of glass fiber post under Scanning Electron Microscope and to compare 
the push out bond strength with and without surface pre-treatments. 
OBJECTIVES OF THE STUDY: 
 To evaluate the surface roughness of the glass fibre post with and 
without surface pre-treatments under Scanning Electron 
Microscope. 
 To evaluate the Push out bond strength of glass fibre post with and 
without surface treatments at cervical, middle and apical third 
using Universal testing machine. 
 To compare the surface roughness of the glass fibre post with and 
without surface pre-treatments under Scanning Electron 
Microscope. 
 To compare the Push out bond strength of glass fibre post with and 
without surface treatments at cervical, middle and apical third 
using Universal testing machine. 
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REVIEW OF LITERATURE 
Pashley et al DH (1995)64 proposed a theoretical modelling of dentine 
bonding in which he emphasized that the total bond strength was the sum of the 
strength of resin tags, hybrid layer and surface adhesion. Each of these three 
variables has a range of values that can influence its relative contribution to 
bonding and such theoretical modelling of dentine bonding can identify the 
relative importance of variables involved in the substrate, resins and surface 
adhesion.  
Cohen BI et al (1998)20 compared retentive values of three posts (Flexi-
Post, Access Post, and ParaPost) cemented with five cements (Flexi-Flow, zinc 
phosphate, Advance, Duet, and Ketac-Cem) plus a control group that consisted of 
a Flexi-Post No. 2 dowel without cement. The results showed that Flexi-Post 
dowel was the most retentive post studied with values ranging from 303.91 
pounds with Flexi-Flow Natural cements to 150.93 pounds without cement. They 
concluded that Flexi-Flow cements had a higher overall mean retention than other 
cements studied. 
Asmussen E et al (1999)9 determined the stiffness, elastic limit and 
strength of a selection of endodontic posts. The posts tested in the study are 
zirconia post (Biopost, Cerapost), titanium post (PCR) and carbon fibre post 
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(Composipost). The results showed that ceramic posts were very stiff and strong, 
with no plastic behaviour. The PCR post was as strong as, but less stiff than, the 
ceramic posts.  Composipost had the lowest values for stiffness, elastic limit and 
strength of the post investigated. 
Ferrari M et al (2000)33 evaluated the dentin morphology in root canals 
in terms of tubule orientation, density and increase in surface area after etching. 
The samples of Group 1 were used to study tubular morphology in SEM. Groups 
2 and 3 samples were etched with 32% phosphoric acid. The teeth in Group 2 
were examined by SEM without further treatment. The observations revealed 
variability in tubule density and orientation within different areas of any one 
sample. Therefore, they found that the increase in dentin surface area might be 
responsible for the enhanced bond strength after acid etching, but not all areas 
exhibited equal responses to etching. 
Akkayan B et al (2002)3 compared the effect of 1 titanium and 3 esthetic 
post systems on the fracture resistance and fracture patterns of crowned, 
endodontically treated teeth. Teeth were restored with titanium, quartz fiber, glass 
fiber, and zirconia posts and numbered as groups 1, 2, 3, and 4, respectively. All 
posts were cemented with Single Bond dental adhesive system and dual-
polymerizing RelyX ARC adhesive resin cement. They found significant higher 
failure loads for root canal treated teeth restored with quartz fiber posts.  
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Sahafi A et al (2003)75 determined the effect of surface treatments on 
bond strength of two resin cements (ParaPost Cement and Panavia F) to posts of 
titanium alloy (ParaPost XH), glass fiber (ParaPost Fiber White), and zirconia 
(Cerapost), and to dentin. The posts received one of three surface treatments: 1. 
roughening (sandblasting, hydrofluoric acid etching), 2. application of primer 
(Alloy Primer, Metalprimer II, silane), or 3. roughening followed by application 
of primer (sandblasting or etching followed by primer, Cojet treatment). ParaPost 
Cement and Panavia F were bonded to the post and dentin specimens and the 
specimens were debonded in shear. They concluded that the bond strength of 
resin cements to the posts was affected by the material of the post, the surface 
treatment of the post, and by the type of resin cement. The bond strength of resin 
cement to dentin was influenced by the type of resin cement. 
Behr et al (2004)12 compared the marginal adaptation of new self-
adhesive universal resin cement with only one application step, to the marginal 
adaptation of established cements and their corresponding adhesive systems. The 
study concluded that a self-adhesive universal resin cement without pre-treatment 
can provide a marginal adaptation at dentin which is comparable to established 
luting agents. 
De Munk J et al (2004)27 studied the bonding performance of a new auto-
adhesive cement (RelyXUnicem, 3M ESPE) to enamel and dentin, using a 
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standard micro-tensile bond strength test set-up, and evaluated the interaction of 
this material with dentin by means of high-resolution electron microscopy. The 
µTBS of RelyX Unicem to enamel was significantly lower than that of the control 
cement, whereas no significant difference was found when both cements were 
bonded to detain. Acis etching prior to the application of RelyX Unicem raised 
the enamel µTBS to the same level as that of the control, but was detrimental for 
the dentin bonding effectiveness. 
Sahafi A et al (2004)76 evaluated the effect of various surface treatments 
of prefabricated posts of titanium alloy (ParaPost XH), glass fiber (ParaPost Fiber 
White) and zirconia (Cerapost) on the bonding of two resin cements: ParaPost 
Cement and Panavia F by a diametral tensile strength (DTS) test. The posts 
received surface treatments in three categories: 1) roughening by sandblasting and 
hydrofluoric acid etching; 2) application of primer by coating with Alloy Primer, 
Metal primer II and Silane and 3) a combination treatment in the form of 
roughening (sandblasting or etching) supplemented by the application of a primer 
or in the form of the Cojet system. The DTS of specimens was determined in a 
Universal Testing Machine. They concluded that the bonding of resin cement to 
titanium alloy posts was increased by several surface treatments of the post. 
However, coating with primers as sole treatment had no effect on bonding. With 
Review of Literature 
 
 
 
 
10 
 
the DTS method applied, none of the surface treatments had an effect on the 
bonding to glass fiber posts.  
Abo-Hamer SE et al (2005)1 assessed the bonding performance of 
universal self-adhesive cement RelyX Unicem (RXU) to dentin and enamel 
compared to four currently used luting systems, using a shear bond strength test 
with and without thermocycling. After thermocycling, the bond strength of RXU 
to enamel significantly decreased, but was still significantly higher than that of 
other cement. 
Balbosh A et al (2006)10 evaluated the effect of surface treatment on the 
retention of glass-fiber endodontic posts luted with resin cement and subjected to 
artificial aging. Samples were then divided into 4 groups with 8 samples in each 
group. Post spaces were prepared to a depth of 10 mm. The tapered posts received 
1 of 4 surface treatments: cleaning with alcohol (Alc), cleaning with alcohol and 
conditioning with ED-Primer material (Alc-ED), airborne-particle abrasion (Air), 
or airborne-particle abrasion and conditioning with ED-Primer material (Air-ED). 
All posts were luted with a composite resin luting agent (Panavia F) after 
conditioning the canal dentin with auto-polymerizing dentin primer (ED-Primer) 
and without acid etching of the canal dentin. The results showed that treating the 
surface of the posts with ED-Primer material before cementation with Panavia F 
cement produced no significant improvement in the retention of the posts. 
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Airborne-particle abrasion of the surface of the post significantly improved the 
retention. 
Bitter K et al (2006)14 evaluated the effects of various pretreatment 
procedures on bond strengths to zirconium-oxide posts using a phosphate-
methacrylate resin luting agent. In 4 groups the posts were luted with phosphate-
methacrylate resin agent (Panavia F) after receiving one of the following 
pretreatment procedures: no treatment (control); airborne-particle abrasion; silica 
coating and silanization with an intraoral airborne-particle-abrasion device 
(CoJet); or silica coating and silanization with a laboratory airborne-particle-
abrasion device in combination with airborne-particle abrasion (Rocatec). The 
study concluded that the bond strengths of luting agents to tooth-colored posts are 
significantly affected by the type of luting agent and the type of post. All 
investigated pretreatment procedures of zirconium-oxide posts significantly 
increased the bond strength of Panavia F. 
Bitter K et al (2006)15 evaluated the bond strengths of six different luting 
cements to fiber-reinforced composite (FRC) posts after various pre-treatment 
procedures. Group 1: untreated control; Group 2: silane treatment; Group 3: CoJet 
treatment. The posts of each group were fixed with six different luting cements. 
From the results they observed bond strengths (MPa) of the different resin 
cements to the posts were significantly affected by the type of cement, but not by 
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the pre-treatment chosen. Without consideration of the pre-treatment procedures, 
Clearfil showed the highest bond strengths, followed by Panavia F and RelyX, 
whereas Multilink, Variolink and PermaFlo showed significantly lower bond 
strength values. 
Gerth HU et al (2006)37 analysed the chemical and physical properties of 
the dual curing self-adhesive resin cement Rely X Unicem with regard to their 
elemental compostion, surface morphology and polymerization reaction.  The 
intense chemical interaction with hydroxyapatite forming a polymer after setting 
seems to be relevant explanation to the improved clinical aspects and mechanical 
product properties. 
Monticelli F et al (2006)57 verified the influence of different etching 
procedures of the post-surface on microtensile bond strength values between fiber 
posts and composite core materials. Chemical surface treatments including 
etching with potassium permanganate; treatment with 10% hydrogen peroxide; 
treatment with 21% sodium ethoxide; etching with potassium permanganate and 
10 vol.% HCl; silanization (control group) were performed on the post's surface. 
The results achieved with potassium permanganate had a significant influence on 
microtensile interfacial bond strength values with both the tested materials. 
Valandro LF et al (2006)91 tested the bond strength between a quartz-
fiber-reinforced composite post (FRC) and resin cement by using a chairside 
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tribochemical silica-coating system for post surface conditioning. G1) 
Conditioning with 32% phosphoric acid (1 min), applying a silane coupling agent; 
G2) etching with 10% hydrofluoric acid (1 min), silane application; G3) chairside 
tribochemical silica coating method (CoJet System): air abrasion with 30-microm 
SiOx-modified Al2O3 particles, silane application. They concluded that the chair 
side tribochemical system yielded the highest bond strength between resin cement 
and quartz-fiber post. 
Vano M et al (2006)94 evaluated the influence of various surface 
treatments to fiber posts on the microtensile bond strength with different 
composite resins. Group 1: immersion in 24% H(2)O(2) for 10 min and 
silanization for 60 s; group 2: immersion in 10% H(2)O(2) for 20 min and 
silanization for 60 s; group 3: immersion in 4% hydrofluoric acid gel for 60 s and 
silanization for 60 s; group 4: silanization of the post surface for 60 s and 
application of the bonding agent G-Bond; group 5: silanization of the post surface 
for 60 s (control group). The results showed that hydrogen peroxide and 
hydrofluoric acid both modified the surface morphology of fibre posts and with 
silane, significantly enhanced the interfacial strength between them and core 
materials. 
Al-Assaf K et al (2007)4 evaluated the interfacial characteristics of five 
adhesive resin luting agents with dentine including tensile bond strength, failure 
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mode, extent of demineralisation, morphological changes and hybrid layer 
formation. The products Bistite II DC (BDC), C&B Super-Bond (CBM), M-Bond 
(MBD), Panavia-F (PAF) and Rely-X Unicem (RXU) were tested for their tensile 
bond strength. The results showed that CBM induced the most pronounced tubule 
funneling and intertubular dissolution, followed by PAF, BDC and MDB.  
D’Arcangelo C et al (2007a)23 evaluated the effect of three post-surface 
treatments on flexural properties of fiber posts. Silanization, hydrofluoric etching, 
and sandblasting with 50 micron Al(2)O(3) were performed on post surfaces for 
each of the other groups. Flexural strengths and flexural modules were calculated 
and recorded. None of the surface pretreatments had a significant influence on the 
tested properties of the posts (p > 0.05). Visual analysis of SEM micrographs 
showed significant changes of post surfaces determined by each conditioning 
treatment, which could increase post-retentive properties. 
D’Arcangelo C et al (2007b)24 evaluated the effect of three post surface 
treatments on quartz-fiber post (a) retention and (b) morphology. A control group 
was not treated. Different treatments were performed for the other posts: 
silanization; etching by hydrofluoric acid 9.5%; sandblasting with 50 micron 
Al2O3. Two specimens of each group were submitted to a qualitative scanning 
electron microscopy (SEM) analysis. Retentive post bond strengths were 
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significantly enhanced with any tested post surface pretreatment. The increase in 
retentive strength was more remarkable in sandblasted and etched posts.  
Hikita K et al (2007)46 evaluated the bonding effectiveness of five 
adhesive luting agents to enamel and dentin using a micro-tensile bond strength 
protocol. Following a correct application procedure, the etch-and-rinse, self-etch 
and self-adhesive luting agents are equally effective in bonding to enamel and 
dentin.  The factors that negatively influenced the bond strength were bonding 
RelyX Unicem to enamel without prior phosphoric acid etching: no spate light-
curing of a light-polymerizing adhesive converted into a dual-polymerizing 
adhesive, and use of a dual-cure luting agent with a low auto-polymerizable 
potential. 
Radovic I et al (2007)71 evaluated the influence of different surface 
treatments on the microtensile bond strength of a dual-cured resin composite to 
fiber posts. Thirty-two glass methacrylate-based fiber posts (GC Corp.) were 
divided into two groups, according to the surface pretreatment performed. Group 
1: sandblasting (Rocatec-Pre, 3M ESPE) and Group 2: no pretreatment. In each of 
the two groups posts received three types of additional "chair-side" treatments. (1) 
Silane application (Monobond S, IvoclarVivadent); (2) adhesive application 
(Unifil Core self-etching bond, GC); (3) no treatment was performed. The results 
of the study suggested that sandblasting may give an increase in microtensile 
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strength to methacrylate-based glass fiber posts, eliminating the need for 
additional "chair-side" treatments. 
Monticelli F et al (2008)58 summarized the research on fiber post surface 
treatments and provided the information related to their benefit in enhancing bond 
strength to composites. The search was conducted using the terms "fiber post," 
"surface treatment," "surface conditioning," "etching" and "sandblasting." They 
concluded that surface conditioning improves fiber post bonding properties, and 
the bond strength of pre-treated fiber posts to restorative materials is satisfactory.  
Monticelli F et al (2008)59 summarized the research on fiber posts and 
provides information regarding their bonding to resinous cement or composites, 
based on the results of original scientific full-papers from peer-reviewed journals 
listed in Pub Med. The search was conducted evaluating the different materials 
available for luting fiber posts to radicular dentin. Their results have been 
summarized in the following categories: conventional resinous cements and self-
adhesive cements. According to the in vitro results, surface conditioning improves 
fiber post bonding properties and bond strength of pre-treated fiber posts to 
restorative materials is satisfactory.  
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Albashaireh ZS et al (2010)5 evaluated the influence of post surface 
conditioning methods and artificial aging on the retention and microleakage of 
adhesively luted glass fiber-reinforced composite resin posts.The posts were 
submitted to 3 different surface treatments (n=24), including no treatment, etching 
with phosphoric acid, and airborne-particle abrasion. Subgroups of the posts 
(n=8) were then allocated for 3 different experimental conditions: no artificial 
aging, no bonding agent; no artificial aging, bonding agent; or artificial aging, 
bonding agent. The results revealed retention values of the airborne-particle-
abrasion group were significantly higher than those of the acidic-treatment and 
no-treatment groups. The application of bonding agent on the post surface 
produced no significant influence on retention and microscopic evaluation 
demonstrated that the failure mode was primarily mixed. 
Choi Y et al (2010)19 evaluated the influence of different post surface 
treatments on the bond strength of a luting agent to a fiber post.Sixty-eight fiber-
reinforced posts (D. T. Light-Post) were divided into 4 groups and treated with 1 
of the following surface treatment procedures: no treatment (NS) (control), 
silanization (SA) (Monobond-S), airborne-particle abrasion (AB) (Airsonic Alu-
Oxyd), or silanization subsequent to airborne-particle abrasion (AB plus SA). 
Specimens were bonded with dual-polymerizing resin-based luting material 
(Variolink II).The statistical results showed that airborne-particle abrasion 
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provided a significant increase in bond strength between the post and the luting 
agent evaluated, without additional treatments. 
Jongsma LA et al (2010)49 evaluated the influence of post surface 
pretreatment on the delamination strength of different cements from a 
prefabricated FRC post tested in a three-point bending test. Three cements were 
tested; RelyX Unicem, DC Core Automix, and Panavia F2.0. Per cement, 40 posts 
(D.T. Light Post Illusion size 3) were divided into four groups; no pretreatment 
(control), sandblasting, silanization, and sandblasting followed by silanization. 
Two failure types were observed; cohesive and adhesive failure. In the 
silanization groups, more cohesive failures were observed for all cements tested. 
Mumcu E et al (2010)62 compared by means of a micro push-out test the 
bond strengths of two types of fiber-reinforced posts cemented with the self-etch 
and self-adhesive luting cements and concluded that for all luting cements, their 
mean push-out bond strength values at the cervical region were higher than those 
at the medium and apical regions.  In each root region, the self-etch and self-
adhesive luting cements demonstrated similar push-out bond strength for each 
post type. 
Prithviraj DR et al (2010)69 analyzed of the effect of surface treatment 
with ethyl alcohol, resin primer and air-borne alumina particle abrasion on 
retention of glass fiber posts, carbon fiber posts and cast metal posts cemented 
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with dual cure resin cement. The statistical results revealed that there was 
significant difference in the retentive strength between air borne alumina particle 
abrasion and resin primer treated posts. Further, there was no significant 
difference between ethyl alcohol and resin primer treated posts. 
De Souse Menezes M et al (2011)28 evaluated the effect of concentration 
and application time of hydrogen peroxide on the surface topography and bond 
strength of glass fiber posts to resin cores.Fiber posts were etched with 24% or 
50% hydrogen peroxide for 1, 5, or 1.0 min (n = 10). Posts without any treatment 
were used as a control. The surface topography was analyzed using scanning 
electronic microscopy. The study concluded that both 24% and 50% hydrogen 
peroxide exposure increased the bond strength of resin to the posts, irrespective of 
the application time. 
Cantoro A et al (2011)17 assessed by means of ”thin-slice” push-out test, 
light and scanning electron microscopy, the interfacial strength and sealing ability 
of new self-adhesive resin cements when used to lute fiber posts into 
endodontically treated teeth.  It can be concluded that RelyX Unicem 2 Automix 
recorded significantly higher post push-out strengths than Maxcem Elite and seT. 
No statistically significant difference emerged among the cements with regard to 
interfacial continuity.  The investigated self-adhesive resin cements exhibited a 
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shallow interaction with the dental substrate, with no microscope sign of a distinct 
hybrid layer. 
Erdemir U (2011)32 evaluated the push-out bond strengths of a glass fiber 
post adhesively luted with self-etching resin based and self-adhesive luting 
cements, as well as modified application procedure of self-adhesive luting 
cements in combination with single step self-etch adhesives. Glass fiber posts 
(RelyX Fiber Post) were cemented with the following materials: group 1: ED 
Primer II/Panavia F 2.0 (PAN); group 2: RelyXUnicem (RU); group 3: Maxcem 
(MC); group 4: Adper Prompt L-Pop (PLP)/RelyXUnicem; group 5: Optibondall-
in-one (OB)/Maxcem. The push-out bond strength values of modified application 
procedure of self-adhesive luting cements (RU and MC) in combination with 
single step self-etch dentin adhesives (PLP and OB) did not improve the push-out 
bond strength of fiber post when compared with those where the conventional use 
of self-adhesive cements. 
Ferracane JL et al (2011)35 reviewed on self-adhesive resin cement 
composition and its effect on the setting reaction and adhesion to various 
substracts, their physical and biological properties that may help to predict their 
ultimate performance and their clinical performance to date and handling 
characteristics.  The result of this review of self-adhesive resin cements would 
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suggest that these materials may be expected to show similar clinical performance 
as other resin-based and non-resin based dental cements. 
Mazzitelli (2011)55 assessed the push-out bond strength of self-adhesive 
resin cements bonded to epoxy-resin based fiber posts and concluded that RelyX 
Unicem attained the higher push-out bond strength values among the tested 
cements.  The use of an elongation tip is highly recommended for placing the 
material inside the root canal in order to limit the formation of defects at the 
adhesive interfaces. 
Naves LZ et al (2011)63 investigated the morphology, etching patterns, 
surface modification and characterization of 2 different fibre posts: Gfp, Glass 
fiber post; and Cfp, carbon fiber under SEM after different surface treatments. a 5 
surface treatments (n = 3): C-alcohol 70% (control); HF 4%-immersion in 4% 
hydrofluoric acid for 1min; H(3) PO(4) 37%-immersion in 37% phosphoric acid 
for 30s; H(2) O(2) 10%-immersion in 10% hydrogen peroxide for 20 min; H(2) 
O(2) 24%-immersion in 24% hydrogen peroxide for 10 min. The study showed 
that post treatment with hydrogen peroxide resulted strength of carbon and 
glass/epoxy resin fiber posts to resin composite core 
Silva RA et al (2011)81 quantified the interfacial continuity produced with 
conventional dual-cure and self-adhesive resin cements in the cervical (C), middle 
(M) and apical (A) thirds of the root.  The cements Allcem, RelyX U100 provide 
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good cementation with 80% continuity. Maxcem Elite does not produce a 
satisfactory cementation with 47% interfacial continuity.  Cementation quality 
provided by the different cement types is similar among the cervical, medium and 
apical portions of the tooth roots.  In practical terms, RelyX U100 provides the 
best cementation because combines good cementation and easy application. 
Van Meerbeek et al (2011)93 enumerated the general characteristics of 
self-etch adhesives and the major shortcomings of the most simple-to-use one-
step (self-etch) adhesives.  Finally, issues like the potential interferences of 
surface smear and the more challenging bond to enamel for ‘mild’ self-etch 
adhesives are also discussed. 
Costa Dantas MC et al (2012)21 evaluated the fiber post surface after 
plasma and usual treatments and the adhesion between treated fiber posts and 
Rely X Unicem resin cement. Flat fiber posts were divided into 6 groups 
according to surface treatment: silane, hydrofluoric acid, hydrofluoric acid plus 
silane, plasma polymerization with argon, ethylenediamine plasma (EDA), and 
the control group.Scanning electron microscopy and electron dispersive 
spectroscopy were used to examine the topography and chemical changes in the 
post surfaces after treatment. The scanning results showed that plasma treatment 
favored the wetability of the post surface by modifying it chemically. Push-out 
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results did not show differences between groups compared with the control, 
except for EDA plasma treatment. 
Hitz T et al (2012)47 compared the shear bond strength of six self-
adhesive resin cements to dentin and to glass-ceramic, with a conventional resin 
cement. Not all self-adhesive resin cements can be a valid alternative to 
conventional resin cements RelyXUnicem, RelyX Unicem2 and G-Cem showed 
similar after 24 h and aged shear bond strength to dentin as the control group. 
Kahnamouei MA et al (2012)51 investigated the push-out bond strengths 
of quartz fibre posts to root dentin with the use of different total-etch and self-
adhesive resin cements and concluded that cementation of quartz fibre posts with 
self-adhesive cements provides higher push-out bond strengths, especially in the 
apical region, while, total-etch cements result in more uniform bond strengths in 
different regions of the root canal. 
Modgi CM et al (2012)56 reviewed the surface treatments of fibre posts 
extensively, as bonding of fibre post to composite materials relies only on the 
chemical interactions between the post surface and the resin material used for 
luting or building up the core. He briefly discussed about various surface 
treatments such as silanzation, acid etching, sand blasting, silica coating and 
alternative etching techniques using potassium permanganate and hydrogen 
peroxide. 
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Zicari F et al (2012)96 evaluated the effect of the length of fibre-posts and 
type of adhesive cement on the fracture resistance of endodontically treated teeth, 
after fatigue loading and concluded that endodontically treated teeth restored with 
short posts may survive fatigue loading as well as long posts, although a 
congruency between post and prepared root canal is advisable for improved 
retention.  Using short posts rather than long posts may yield higher fracture 
resistance and also lead to favourable failures, the self-adhesive or self-etch 
adhesive strategies do perform equally well, with regard to fatigue loading and 
fracture resistance. 
Zicari F et al (2012)97 evaluated the effect of different factors on the 
push-out bond strength of glass fiber posts luted in simulated root canals using 
different composite cements.  All three variables, namely the type of post, the 
composite cement and the post surfaces pre-treatment, were found to significantly 
higher push-out bond strength.  They concluded that the push-out bond strength 
was found to significantly reduce with depth from coronal to apical. 
Alesia et al (2013)6 investigated the tensile bond strength of glass fiber 
posts luted to premolar teeth with six resin composite luting agents.  The Self-
adhesive (RelyXUnicem) and core foundation composite resin materials (Paracore 
and MultiCore Flow) exhibited higher mean tensile bond strengths than other 
cements. 
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Baldea B et al (2013)11 analysed the retentive strength of two self-
adhesive resin cements used for the cementation of fiber posts using the thin-
slices push-out test on root dentin of human molars.  The mean push-out bond 
strength of teeth samples containing RelyX U200 was higher than that observed 
for Maxcem Elite.  The most fragile region appeared to be the adhesive interface 
between the self-adhesive resin cement and the dentine.  Therefore, it can be 
presumed that the interface between the self-adhesive resin cement and fiber post 
was more stable in this study. 
Gencoglu N et al (2013)36 evaluated the effect of different surface 
treatments on the bond strength of fiber post with luting agent to root canal 
dentin.75 fiber-posts (Rebilda, Voco) were divided into 5 groups and treated with 
one of the following surface treatment procedures: no treatment (control), 
silanization, etching by % 9.6 hydrofluoric acid, sand blasting with 50 milimicron 
Al2O3 and bonded (15 of each).The study showed that bonding group had highest 
bond strength in coronal section, and sandblasted group in middle and apical 
section (p<0.05). The different surface treatment affected the bond strenght of 
fiber post to root canal dentin. 
Kadam A et al (2013)50 compared the push-out bond strength of a self-
adhesive dual-cured luting agent (RelyX U100) with a total etch resin luting agent 
(Variolink II) used to cement two different FRC posts.  The mean push-out bond 
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strengths were higher for total etch adhesive approach.  Therefore, pre-treatment 
for removal of smear layer is recommended before the use of any kind of resin 
cement inside the root canal for luting of post.  In most of the samples, failure was 
observed between the cement-dentine interface, followed by the post-cement 
interface, which shows difficulty in bonding between post-cement-dentine 
interface. 
Pereira JR et al (2013)67 evaluated the push-out bond strength of glass 
fiber posts cemented with different luting agents on 3 segments of the root and 
concluded that self-adhesive cements and glass ionomer cements showed 
significantly higher values compared to dual-polymerizing resin cements.  In all 
root segments, dual-polymerizing resin cements provided significantly lower 
bond strength. 
Sultan A et al (2013)87 evaluated the influence of different post surface 
treatments on the micro push out bond strength of a luting agent to a fiber post. 
The specimens were classified into five groups according to the surface treatment 
performed to the post. Group 1:-no surface treatments (control group), Group 2:-
surface treatment with chloroform, Group 3:-surface treatment as in group 2 in 
addition to the application of silane coupling agent (Calibra), Group 4:-surface 
treatment by sandblasting using 50 μm alumina particles, Group 5:-surface 
treatment as in group 4 in addition to the application of silane coupling agent 
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(Calibra), A dual-polymerizing resin luting agent (Calibra) was used for 
cementation of posts. The study revealed that airborne-particle abrasion in 
addition to silanization provided the highest increase in bond strength between the 
fiber post and the resin luting agent evaluated. 
Crivano et al (2014)22 assessed the contribution of resin tags in the 
interfacial bond strength of self-adhesive cement used to lute fiber posts into root 
canals.  In conclusion, the dentin pre-treatment with 37% phosphoric acid gel and 
the subsequent formation of resin tags did not influence the quality of intracanal 
adhesion obtained with the self-adhesive resin cement RelyXUnicem (3M).  
Lin Y et al (2014)53 investigated whether or not an erbium: yttrium-
aluminum-garnet (Er:YAG) laser could improve the bonding property of zirconia 
ceramics to resin cement. Specimens of zirconia ceramic pieces were made, and 
randomly divided into 11 groups according to surface treatments, including one 
control group (no treatment), one air abrasion group, and nine Er:YAG laser 
groups. The laser groups were subdivided by applying different energy intensities 
(100, 200, or 300 mJ) and irradiation times (5, 10, or 15 sec). All specimens were 
bonded to resin cement. Er:YAG laser irradiation cannot improve the bonding 
property of zirconia ceramics to resin cement. Enhancing irradiation intensities 
and extending irradiation time have no benefit on the bond of the ceramics, and 
might cause material defect. 
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Sipahi C et al (2014)82 evaluated surface roughness and bond strength of 
glass fiber posts to a resin cement after various surface treatments.The posts were 
randomly assigned to six groups of pre-treatment (n = 10/group): Group C, 
untreated (control); Group SB, sandblasted; Group SC, silica coated; Group HF, 
hydrofluoric acid-etched; Group N, Nd:YAG laser irradiated; Group E, Er:YAG 
laser irradiated. Surface roughness of the posts was measured before and after 
pre-treatment. The posts were then bonded to resin cement and tensile bond 
strengths were determined in a universal testing machine. The findings of the 
study they concluded that hydrofluoric acid-etching, silica coating and Er:YAG 
laser irradiation provided a significant increase in bond strength between glass 
fiber posts and resin cement. 
Druck CC et al (2015)29 evaluated the effect of fiber post surface 
treatments on push-out bond strength between fiber post and root dentin.six 
groups (n=10): Gr1- Silane coupling agent (Sil)+Conventional resin cement 
AllCem (Al C); Gr2- Sil+Conventional resin cement RelyX ARC (ARC); Gr3- 
tribochemical silica coating (TBS)+AlC; Gr4- TBS+ARC; Gr5- No treatment 
(NT)+AlC; Gr6- NT+ ARC. The study concluded that the fiber post surface 
treatment appears have no Influence on bond strength between fiber post and root 
dentin. 
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Hattar S et al (2015)44 evaluated the strength of the bond between newly 
introduced self-adhesive resin cements and tooth structures. Three self-adhesive 
cements (SmartCem2, RelyXUnicem, seT SDI) were tested. The resulted SBS 
values ranged from 3.76 to 6.81 MPa for cements bonded to enamel and from 
4.48 to 5.94 MPa for cements bonded to dentin (p > 0.05 between surfaces). There 
were no statistically significant differences between the SBS values to enamel 
versus dentin for any given cement type. All cements exhibited adhesive failure at 
the resin/tooth interface 
Younes et al (2015)95 evaluated the effect of various fiber reinforced 
composite (FRC) post surface treatments on its tensile bond strength to root canal 
dentin.Group1:- surface treatment with 4plasma (argon plasma), Group2:- surface 
treatment with air born- particle abrasion, Group3:- surface treatment with air 
born-particle abrasion and silane, Group4:- control group without any surface 
treatment. Self-adhesive cement was used for cementation of all posts. The 
statistical result showed that the tensile bond strength of the luting agent to the 
post was significantly affected by surface treatment (P < 0.05). From the results 
they concluded that both plasma surface treatment and air-born particle abrasion 
with silane application improved the bonding of fiber post to the resin cement.  
Daneshkazemi A et al (2016)25 to evaluated the effect on the bond 
strength to composite resin of pretreating glass fiber post surfaces with hydrogen 
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peroxide, phosphoric acid, and a silane coupling agent. Glass fiber posts were 
treated for 1 or 5 minutes with 30% hydrogen peroxide or 35% phosphoric acid. 
Treated posts were divided into silanization and no silanization groups. Control 
groups included no treatment or treatment with silanization alone (total of 10 
groups; n=14).They concluded that silane coupling agent had a significant effect 
on the bond strength of the tested glass fiber posts to composite resin, whereas 
30% hydrogen peroxide or 35% phosphoric acid did not. 
Siqueira CB et al (2016)83 evaluated the influence of laser irradiation on 
flexural strength, elastic modulus, and surface roughness and morphology of glass 
fiber posts. A total of 40 GFPs were divided into 4 groups according to the 
irradiation protocol: no irradiation, irradiation with Er:YAG, irradiation with 
Er,Cr:YSGG and GDI–irradiation with diode laser. The GFP roughness and 
morphology were evaluated through laser confocal microscopy before and after 
surface treatment. They concluded that surface treatment with Er,Cr:YSGG 
significantly affected mechanical properties.  
Gomes KG et al (2017)38 evaluated the influence of laser irradiation on 
the push-out bond strength of glass fiber posts to radicular dentin.4 groups 
according to the surface treatment of the post: silane control (GC); irradiation 
with Er:YAG (GYAG); irradiation with Er,Cr:YSGG (GCR); and 980-nm diode 
laser (GDI) application. After surface treatment, the glass fiber posts were 
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cemented with dual adhesive resin cement. Failure mode was analyzed using 
stereomicroscopy. The surface morphology was evaluated qualitatively after 
surface treatment by using confocal laser microscopy. They concluded that 
irradiation with Er,Cr:YSGG improved the bond strength of the cement-post-
dentin interfaces.  
Kirmali O et al (2017)52 compared the effect of different pretreatments 
(fiber post) with the laser-activated irrigation (LAI) technique (for removal of the 
smear layer) on root canal dentin in terms of push-out bond strength (PBS) in a 
fiber post. 50 quartz fiber posts were randomly assigned to 5 groups (n = 10) 
according to the surface treatments as follows: group S (sandblasting), group N1 
and group N2 (neodymium:yttrium-aluminum-garnet laser irradiation [2 W, 200 
mJ, 10 Hz, with pulse durations of 180 or 320 microseconds), group HF (9.7% 
hydrofluoric acid etched), and group C (control with no treatment). The LAI 
technique when used with 17% EDTA had a significant effect on the amount of 
smear layer removed from the root canal dentin, which was also detected in the 
fracture pattern (adhesive failure [resin-post interface]). 
Prado M et al (2017)68 evaluated the effect of different surface treatments 
on fiber post cemented with a self-adhesive system. Sixty fiber glass epoxy resin 
posts were cleaned, dried and divided into 6 groups. Control (no surface 
treatment), silane (silane coupling agent was applied homogeneously on surface), 
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24% hydrogen peroxide (H2O2) (immersion during 1min), blasting (blasting with 
aluminum oxide for 30s), NH3plasma (plasma treatment for 3min) and HMDSO 
plasma (plasma treatment for 15min). After the treatments, posts were inserted 
into a silicon matrix that was filled with the resin cement RelyX U200. They 
concluded that surface treatments influenced adhesion of fiber glass post luted 
with the self-adhesive cement RelyX U200. Silane, blasting with aluminum oxide 
and plasmas (NH3 and HMDSO) showed results superior to 24% hydrogen 
peroxide. 
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MATERIALS AND METHODS 
Armamentarium used - Materials 
 40 extracted single rooted human maxillary central incisors 
 0.1% thymol solution  
 High speed Airotor handpiece(NSK, Dental Mfg.Co.Ltd, Japan) 
 Micromotor hand piece and unit(NSK, Dental Mfg.Co.Ltd, Japan) 
 Burs for access opening (No 2, No 4 round bur, safe tip tapered 
diamond; Mani Burs,Japan) 
 Gates Glidden Drills (Size 1 to 4; Mani, Inc, Japan) 
 Stainless steel Kerr files (length 21mm: 10-50/0.02,Mani Inc, Japan) 
 3% Sodium hypochlorite (Prime Dental Products PVT, India) 
 17% EDTA (Ammdent Dental Products, India) 
 Saline 0.9% (Paradental drugs, India) 
 Distilled water 
 Paper points (0.02%, DiaDent, Korea) 
 2.5 ml disposable Syringe(Hindustan syringes&Medical Services, 
India) 
 AH plus root canal sealer (Densply,Germany) 
 Gutta percha (50-15: 0.02%, DiaDent, Korea) 
 Spreaders-21mm (Mani Inc, Japan) 
 Peeso reamers (size 1-4;Mani Inc, Japan) 
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 Easy glass fibre posts (Dentsply, Germany) 
Size - #1 
Composition: Zirconium-Enriched Glass Fibers 60% 
           Epoxy Resin Matrix 40% 
 RelyX U200 Self-Adhesive Resin cement – base and catalyst (3M 
ESPE, Germany) 
 Mixing pad and Agate spatula 
 Aluminium oxide powder 110µm (Alminox110,Delta labs, India) 
 9.6 % Hydrofluoric acid tube (Ultradent, USA ) 
 Applicator tips(Denmax, India) 
 Addition silicone impression material (Aquasil – putty index, 
Dentsply, Germany) 
 Tooth coloured self cure acrylic resin powder and liquid 
monomer(Dental products of India, LTD, India) 
 Safe side Diamond discs (Mani Inc, Japan) for decoronation 
Equipments: 
 Er:YAG diode laser unit(Clean cut lasers, Italy) 
 Sand blasting machine (Delta sand blaster, Alameda, CA) 
 Light curing unit (3M ESPE, Germany)  
 Hard tissue microtome (Isomet; Beulah, USA) 
 Digital vernier calliper (Mitutoyo, Japan) 
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 Universal testing machine (Instron 3369, Massachusett, USA) 
 Scanning Electron Microscope along with gold sputtering machine 
(Variable pressure –SEM - S – 3400 N – HITACHI) 
Inclusion Criteria: 
 Extracted single rooted maxillary central incisors with mature apices. 
Exclusion Criteria: 
 Teeth with dental caries, resorption, open apex, fractures or cracks, 
dilaceration were excluded 
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METHODOLOGY 
40 single rooted human maxillary central incisors (figure 1) extracted 
due to periodontal problems were selected. After extraction, the teeth were 
cleaned and stored in 0.1% thymol solution at 4
o 
c. Each tooth was examined 
radiographically to have single root canal, a closed apex and no evidence of a 
caries lesion or restoration. The coronal portion of each tooth was sectioned 
15mm coronally from the root apex using diamond disc under copious water 
cooling. (figure 2) 
SAMPLE PREPARATION: 
 All the teeth were embedded in a tooth coloured self-curing 
acrylic resin (figure 5), using a putty index made out of addition silicone 
impression material (figure 4). Access cavities were prepared and the working 
length was established by placing a size 20 K-file (Dentsply) into the canal 
with 1mm short of apex (figure 7). The root canals were prepared by step back 
technique. Manual instrumentation was performed to ISO size 50 
(Dentsply/Malliefer, Switzerland), using a series of stainless steel k files to the 
working length of each tooth. The coronal and middle third of each canal was 
prepared using Gates Glidden drills of sizes 4, 3, 2 and 1 at 1mm increments 
according to the step back technique. The root canals were irrigated with 3% 
NaOCl at 37ºC and 17% EDTA solution alternatively and finally rinsed with 
normal saline. The canals were dried with multiple sterile paper points. Master 
cone size 50 of 0.02% taper was selected. All teeth were obturated by cold 
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lateral condensation technique using 0.02% taper gutta percha cones of size 
45-15 and AH plus root canal sealer (figure 8). The decoronated and filled 
roots were stored for 7 days in normal saline at 37ºC.
32 
POST SPACE PREPARATION: 
 The gutta percha was removed with peeso reamers size1, 2 and 3, 
leaving a minimum 4mm apical seal and creating a standard post space of 
10mm from the coronal surface corresponding to the tapered Radix Easy post 
size #1 (figure 9). Following the preparation, the post spaces were rinsed with 
3% sodium hypochlorite. A final irrigation was accomplished with distilled 
water, and then the post spaces were dried with paper points.
95 
SAMPLE GROUPING : 
40 glass fibre posts were randomly divided into 4 Groups according to 
the surface treatment of the post with 10 in each 
 Group I: Without Pre-treatment (Control Group) (10 Nos) 
 Group II :Pre-treatment with 9.6% hydrofluoric acid (10 Nos) 
 Group III :Sandblasting with 110µm aluminum oxide particles 
(10 Nos) 
 Group IV :Pretreatment with Er: YAG Laser (10 Nos) 
SCANNING ELECTRON MICROSCOPIC ANALYSIS: 
The surface of the post were analysed using Scanning electron 
microscope (figure 22) under 20x, 500x and 1000x magnifications. The 
samples underwent gold sputtering (figure 20, 21) in the gold sputtering 
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machine (figure 19) for about 15 seconds to make the samples more electro-
conductive underneath the SEM. 
SURFACE ROUGHNESS ANALYSIS: 
 The surface roughness of the posts was measured with and 
without pretreatments. By using Mountains maps software the two 
dimensional SEM images (figure 30,31,32,33) taken at various resolutions 
were reconstructed into three dimensional analytical models and the surface 
profiles were measured. The measurements were taken more than one time 
toobtain the mean surface roughness value (Ra) for all the groups. (figure: 
34,35,36,37)  
SURFACE TREATMENTS OF SPECIMENS: 
Without Pre-treatment:  
 This group served as the control group, so no treatment was applied to 
the post surfaces in this group. 
Sand blasting with Aluminum oxide particles : 
Surface of the post specimens were sandblasted with 110µm Al2O3 
(figure 10) particles for 10s. The air pressure for sandblasting was maintained 
at 2 bars at a distance of approx., 10mm between the surface of the specimen 
and the blasting tip in the sand blasting unit (figure 11, 12). Then, the 
specimens were rinsed under running water and then dried with oil-free 
compressed air to remove the remnants for 10s.  
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Etching with 9.6% hydrofluoric acid: 
 The posts surfaces were etched with 9.6% hydrofluoric acid gel 
(Ultradent) for 20 secs (figure 14), rinsed with water for 30secs and air dried. 
(figure 15,16) 
Irradiation with Er:YAG laser: 
            Surfaces of the post specimens were irradiated with an Er:YAG 
laser(Clean Cut, Er:YAG diode laser, Italy). (Figure 17)Laser energy was 
delivered in pulse mode by a 2mm diameter laser optical fibre for 20s with 
repetition rate of 10Hz, energy of 150mJ, output power of 1.5W and pulse 
duration of 400µs under cooling. (figure 18) 
LUTING OF POST WITH SELF ADHESIVE RESIN CEMENT: 
 The posts were luted with self adhesive resin cement according to 
manufacturer’s instructions. The cement was applied to the root canal and 
small amount is applied on the fibre post, to ensure adequate cementation. The 
post was fixed under finger pressure, the excess cement was removed 
carefully and light cured for 40secs with LED curing light device(3M ESPE, 
Germany).(figure 23)  The specimens were stored in water bath under room 
temperature.
11 
PREPARATION OF SAMPLES FOR ANALYSIS OF PUSH-OUT 
BOND STRENGTH: 
40 samples luted with glass fibre post were transversely sectioned 
perpendicular to the post starting at 6mm from the apex of the specimen using 
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a hard tissue microtome (Isomet 1000; Buehler, USA) (figure 24), along with 
continuous water irrigation to prevent overheating (figure 25). In this manner, 
3 slices of 1.0±0.2mm were created pertaining to the cervical, middle and 
apical region of each root specimen resulting in 30slices/ group. (figure 26) 
PUSH-OUT BOND STRENGTH ASSESSMENT: 
 The push-out bond strength (MPa) was determined using universal 
testing machine (INSTRON 3369) (figure 27). A custom made stainless steel 
platform (figure 28) was fabricated with a punch hole in the center of the 
platform. The diameter of this punch hole is made 0.2mm greater than the 
greatest diameter of post. The specimens were placed such that the portion of 
the specimen with the fibre post corresponds to the punch hole and the root 
dentin surface rests on the platform. The specimens were positioned on the jig 
in an apico-coronal direction to avoid interferences due to root canal 
taper.
22
The post segments were loaded with a cylindrical plunger of 1 mm in 
diameter centered on the post segment; without contacting the surrounding 
dentin surface.
32,22
Loading was performed on a universal testing machine at a 
cross head speed of 0.5mm/min until the post got completely extruded from 
the specimen
52 
(figure 29) The peak force of post extrusion was considered as 
bond failure and recorded in Newton (N) and converted intomegapascals by 
dividing the load applied by the bonded area (A), in which, area was 
calculated by the formula: 
 A=π(r+R)*h2+(R-r)2 
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where R and r were the largest and the smallest radius, respectively, of the 
cross sectioned tapered post, and h is the thickness of the section.
54,11 
Diagramatic representation bonded area formula 
  
40 extracted human maxillary central incisors with matured apex selected;Teeth were decoronated 
at 15mm coronally from the root apex. 
Teeth were embedded in tooth coloured acrylic resin; 
Access opening done and Working length determined 
Hand instrumentation done by step back technique, irrigated with 3% sodium hypochlorite and 
17% EDTA, 
Obturation done by lateral compaction technique using 2% GP and AH plus sealer.  
The post space preparation was done with peeso reamers size1, 2 and 3, leaving a minimum 4mm 
apical seal and created a standard post space of 10mm  
40 glass fibre post (Easy Post, Dentsply) were divided into 4 groups based on the surface 
pretreatment of the post with 10 in each.  
 The surface roughness analysis with and without pre-treatment was done under Scanning Electron 
Microscope and measured in Mountains map premium 7.4 software.  
The posts were luted with Self adhesive resin cement (RelyX U200) and light cured for 
40seconds. 
Post luted samples were transversely sectioned at 6mm from the apex using hard tissue microtome 
at cervical, middle and apical third, namely 30 slices/ group 
Push-out bond strength was evaluated using universal testing machine at a cross head speed of   
0.5 mm/min.  
Results recorded and subjected to statistical analysis 
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FIGURE 1: TEETH SPECIMEN STORED IN 0.1% THYMOL 
 
FIGURE 2: DECORONATING THE SAMPLES 
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FIGURE 3: DECORONATED SAMPLES 
 
 
FIGURE 4: MATERIALS USED FOR MOUNTING AND 
EMBEDDING SAMPLES 
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FIGURE 5: EMBEDDED SAMPLES 
 
 
FIGURE 6: ARMAMENTARIUM 
 
Figures 
 
 
 
 FIGURE 7: WORKING LENGTH DETERMINATION  
FIGURE 8: OBTURATED SAMPLES 
 
FIGURE 9: POST SPACE 
PREPARATION  
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FIGURE 10:  Al2O3 PARTICLES    
 
FIGURE 11: SAND 
BLASTING TIP 
FIGURE 13: SAND BLASTING 
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FIGURE 12: SAND 
BLASTING MACHINE 
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FIGURE 14: 9.6% HYDRO FLUORIC ACID 
 
FIGURE 15: ACID ETCHING THE SPECIMEN 
 
FIGURE 16: SPECIMEN AFTER ETCHING 
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FIGURE 17: CLEAN CUT Er:YAG LASER UNIT 
 
FIGURE 18: Er:YAG LASER IRRADIATION 
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FIGURE 19: GOLD SPUTTERING MACHINE 
 
 
FIGURE 20: SPECIMEN MOUNTED FOR GOLD SPUTTERING 
 
FIGURE 21: GOLD SPUTTERED SPECIMEN 
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FIGURE 22 : SCANNING ELETRON MICROSCOPE 
 
 
FIGURE 23 : POST LUTED WITH SELF ADHESIVE RESIN CEMENT 
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FIGURE 24: HARD TISSUE MICROTOME 
 
FIGURE 25: SECTIONING OF THE SPECIMEN 
 
FIGURE 26: SECTIONED SPECIMEN AT CERVICAL, MIDDLE AND APICAL THIRD 
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FIGURE 27: UNIVERSAL TESTING MACHINE 
 
FIGURE 29: SPECIMENS AFTER TESTING 
 
FIGURE 28: LOAD APPLIED 
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FIGURE 30: SEM IMAGE OF POST SURFACE BEFORE 
TREATMENT 
 
FIGURE 31: SEM IMAGE OF POST SURFACE PRETREATED WITH 
9.6% HYDRO FLUORIC ACID 
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FIGURE 32: SEM IMAGE OF POST SURFACE PRETREATED WITH 
SAND BLASTING 
 
FIGURE 33: SEM IMAGE OF POST SURFACE PRETREATED WITH 
Er:YAG LASER 
 
Figures 
 
 
 
FIGURE 34: SURFACE ROUGHNESS ANALYSIS OF POST 
WITHOUT PRETREATMENT 
 
FIGURE 35: SURFACE ROUGHNESS ANALYSIS OF POST 
TREATED WITH 9.6% HYDROFLUORICACID 
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FIGURE 36: SURFACE ROUGHNESS ANALYSIS OF POST SAND 
BLASTED WITH 110µm ALUMINA PARTICLES  
 
FIGURE 37: SURFACE ROUGHNESS ANALYSIS OF POST 
TREATED WITH Er:YAG LASER 
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RESULTS 
In this study, Scanning Electron Microscope was used to evaluate the 
surface roughness of the glass fibre post before and after pre-treatments using 
Mountains Map Premium 7 software. All the values were tabulated and 
statistical analysis was done using Software SPSS, Version 20.0. To compare 
the difference in surface roughness in between groups were analysed using 
One-way analysis of variance (ANOVA) test as it had more than one group. 
Push out bond strength was calculated at Cervical, Middle and Apical 
third for all the four groups and the values were tabulated in Mega Pascals. 
One-way analysis of variance (ANOVA) was used to study the overall 
variance in between groups. As it is not possible to identify the difference 
between groups with the help of the P value obtained from ANOVA, a 
specific statistical test was used. The Post hoc Tukey Test Honestly significant 
difference or HSD test is a post hoc test designed to perform a pair wise 
comparison of the means to identify the specific inter groups in which 
significant difference expression occurs. 
Table 1shows the surface roughness values (Ra value) of Group I in µm. 
Table 2 shows the surface roughness values (Ra value) of Group II in µm. 
Table 3 shows the surface roughness values (Ra value) of Group III in µm. 
Table 4 shows the surface roughness values (Ra value) of Group IV in µm. 
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Table 5 and Graph 8 shows the mean and standard deviation comparison of 
surface roughness between all the four groups by Oneway ANOVA. The mean for 
Group I (No treatment) was6.33 +/- 0.30µm, Group II was 8.14 +/-0.22 µm, 
Group III was 8.66+/-0.25µm, Group IV was7.46 +/- 0.41µm and the p value was 
highly significant (p<0.00001). 
Table 6 and Graph 1 Shows Push out bond strength (MPa) values with mean and 
SD obtained in three different sections of Group I. 
Table 7 and Graph 2 Shows Push out bond strength (MPa) values with mean and 
SD obtained in three different sections of Group II. 
Table 8 and Graph 3 Shows Push out bond strength (MPa) values with mean and 
SD obtained in three different sections of Group III. 
Table 9 and Graph 4 Shows Push out bond strength (MPa) values with mean and 
SD obtained in three different sections of Group IV. 
Table 10 shows the mean and standard deviation comparison of push out bond 
strength within different sections of the samples in Group I using ANOVA. 
The mean for Group I at Cervical third was 11.33+/-0.82, at Middle third was 
10.01+/-1.13, at Apical third was 11.02+/-1.30 and the p value highly 
significant at <0.001. 
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Table 11 shows the mean and standard deviation comparison of push out bond 
strength within different sections of the samples in Group II using ANOVA. 
The mean for Group II at Cervical third was 17.58+/-1.19, at Middle third was 
15.44+/-1.0, at Apical third was 15.95+/-1.23 and the p value highly 
significant at <0.001. 
 
Table 12 shows the mean and standard deviation comparison of push out bond 
strength within different sections of the samples in Group III using ANOVA. 
The mean for Group III at Cervical third was 16.58+/-0.78, at Middle third 
was 14.28+/-1.29, at Apical third was 12.07+/-1.02 and the p value highly 
significant at <0.0001. 
 
Table 13 shows the mean and standard deviation comparison of push out bond 
strength within different sections of the samples in group IV using ANOVA. 
The mean for Group IV at Cervical third was 15.84+/-1.06, at Middle third 
was 13.78+/-1.31, at Apical third was 12.83+/-1.02 and the p value highly 
significant at <0.0001. 
 
Table 14 and Graph 5 shows the mean and standard deviation comparison of 
push out bond strength in all groups at cervical third using ANOVA. The 
mean at Cervical third for Group I was 12.18+/-0.82, Group II was 17.57+/-
1.19, Group III was 16.57+/-0.78, Group IV was 15.84+/-1.06 and p value 
highly significant at <0.00001. 
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Table 15 and Graph 6 shows the mean and standard deviation comparison of 
push out bond strength in all groups at Middle third using ANOVA. The mean 
at Cervical third for Group I was 10.01+/-1.12, Group II was 15.43+/-1.0, 
Group III was 14.28+/-1.29, Group IV was 13.77+/-1.31 and p value highly 
significant at <0.00001. 
 
Table16 and Graph 7 shows the mean and standard deviation comparison of 
push out bond strength in all groups at Middle third using ANOVA. The mean 
at Cervical third for Group I was 11.02+/-1.30, Group II was 15.94+/-1.23, 
Group III was 12.09+/-1.02, Group IV was 12.82+/-1.02 and p value highly 
significant at <0.00001. 
 
Table 17 shows the pair wise comparison of push out bond strength at cervical 
third between Group I and Group II, Group I and Group III, Group I and 
Group IV, Group II and Group IV were p<0.01 which is statistically 
significant. Followed by p value between Group II and Group III, Group III 
and Group IV were insignificant. 
 
Table 18 shows the pair wise comparison of push out bond strength at Middle 
third between all the groups by Post – Hoc tests –Tukey HSD where the p 
value between Group I and Group II, Group I and Group III, Group I and 
Group IV, Group II and Group IV were <0.01 which is statistically significant. 
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Followed by p value between Group II and Group III, Group III and Group IV 
were insignificant. 
 
Table 19 shows the pair wise comparison of push out bond strength at apical 
third between all the groups by Post – Hoc tests –Tukey HSD where the p 
value between Group I and Group II, Group II and Group III, Group I and 
Group IV, Group II and Group IV were <0.01 which is statistically significant. 
Followed by p value between Group I and Group III, Group III and Group IV 
were insignificant. 
 
Graph 9 shows overall comparison of all the 4 groups at three different levels. 
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TABLE 1: SURFACE ROUGHNESS (Ra value - µm) VALUES WITH 
MEAN AND STANDARD DEVIATION OF GROUP I 
Samples Ra value (µm) 
1 6.3 
2 6.5 
3 6.8 
4 5.9 
5 6.8 
6 6.21 
7 6.36 
8 5.96 
9 6.2 
10 6.34 
Total 63.37 
Mean 6.33 
SD 0.30 
TABLE 2: SURFACE ROUGHNESS (Ra value - µm) VALUES WITH 
MEAN AND STANDARD DEVIATION OF GROUP II 
Samples Ra value (µm) 
1 8.13 
2 8.62 
3 8.19 
4 7.86 
5 8.02 
6 8.19 
7 8.16 
8 8.33 
9 7.86 
10 8.06 
Total 81.42 
Mean 8.14 
SD 0.22 
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TABLE 3: SURFACE ROUGHNESS (Ra value - µm) VALUES WITH 
MEAN AND STANDARD DEVIATION OF GROUP III 
Samples Ra value (µm) 
1 8.76 
2 9.09 
3 8.43 
4 8.66 
5 9.04 
6 8.5 
7 8.32 
8 8.75 
9 8.47 
10 8.63 
Total 86.65 
Mean 8.66 
SD 0.25 
TABLE 4: SURFACE ROUGHNESS (Ra value - µm) VALUES WITH 
MEAN AND STANDARD DEVIATION OF GROUP IV 
Samples Ra value (µm) 
1 7.23 
2 7.56 
3 8.02 
4 7.31 
5 7.08 
6 7.03 
7 7.86 
8 7.23 
9 7.12 
10 8.17 
Total 74.61 
Mean 7.4 
SD 0.41 
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TABLE 5: MEAN AND STANDARD DEVIATION COMPARISON OF 
SURFACE ROUGHNESS OF FOUR GROUPS USING ANOVA 
Groups Mean Ra value SD P value 
No treatment 6.337 0.3028 
< .00001** 
9.6% HF acid 8.142 0.2235 
Sand Blasting 8.665 0.2535 
Laser 7.461 0.4165 
Note: ** denotes significant  at 1 level 
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TABLE 6: PUSH OUT BOND STRENGTH (MPa) VALUES WITH MEAN 
AND SD OBTAINED IN THREE DIFFERENT SECTIONS OF GROUP I 
Samples Cervical Middle Apical 
1 11.11 10.94 9.03 
2 13.39 12.08 11.17 
3 12.24 10.15 12.81 
4 12.79 9.42 10.4 
5 11.49 11.13 12.86 
6 12.21 10.1 11.43 
7 11.75 8.22 12.08 
8 11.18 9.64 9.41 
9 13.35 9.04 10.7 
10 12.33 9.39 10.34 
Total 121.84 100.11 110.23 
Mean 12.184 10.011 11.023 
SD 0.81 1.12 1.3 
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TABLE 7: PUSH OUT BOND STRENGTH (MPa) VALUES WITH MEAN 
AND SD OBTAINED IN THREE DIFFERENT SECTIONS OF GROUP II 
Samples Cervical Middle Apical 
1 18.18 15.69 16.53 
2 19.84 14.36 15.21 
3 17.02 14.15 14.96 
4 16.63 16.52 18.52 
5 19.34 16.35 16.62 
6 16.89 14.02 16.11 
7 17.22 15.68 15.73 
8 16.36 15.82 16.65 
9 17.67 15.02 14.11 
10 16.63 16.78 15.03 
Total 175.78 154.39 159.47 
Mean 17.578 15.439 15.947 
SD 1.19 1 1.23 
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TABLE 8: PUSH OUT BOND STRENGTH (MPa) VALUES WITH MEAN 
AND SD OBTAINED IN THREE DIFFERENT SECTIONS OF GROUP III 
Samples Cervical Middle Apical 
1 15.18 12.89 12.93 
2 16.84 14.26 11.17 
3 17.02 14.25 13.81 
4 16.63 16.65 11.96 
5 15.34 12.35 12.86 
6 16.89 14.12 11.43 
7 17.22 15.18 12.08 
8 16.36 15.12 11.41 
9 17.67 15.02 12.7 
10 16.63 12.98 10.34 
Total 165.78 142.82 120.69 
Mean 16.578 14.282 12.069 
SD 0.78 1.29 1.02 
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TABLE 9: PUSH OUT BOND STRENGTH (MPa) VALUES WITH MEAN 
AND SD OBTAINED IN THREE DIFFERENT SECTIONS OF GROUP IV 
Samples Cercival Middle Apical 
1 14.98 13.09 13.93 
2 16.06 14.96 11.17 
3 17.62 12.85 13.81 
4 14.63 15.65 13.96 
5 15.94 13.45 12.86 
6 16.89 12.92 11.43 
7 14.22 13.88 13.08 
8 15.36 15.96 13.41 
9 16.67 12.02 12.7 
10 16.03 12.98 11.94 
Total 158.4 137.76 128.29 
Mean 15.84 13.776 12.829 
SD 1.06 1.31 1.02 
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TABLE 10: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH WITHIN 
DIFFERENT SECTIONS OF THE SAMPLES IN GROUP I USING 
ANOVA 
Sections Mean SD P value 
Cervical 11.33 0.8191 
.000667** Middle 10.01 1.1277 
Apical 11.02 1.3083 
Note - ** denotes signficant at 1 level   
 
TABLE 11: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH WITHIN 
DIFFERENT SECTIONS OF THE SAMPLES IN GROUP II USING 
ANOVA 
Sections Mean SD P value 
Cervical 17.58 1.1919 
.000762** Middle 15.44 1.0043 
Apical 15.95 1.2344 
Note -   ** denotes significant at 1 level. 
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TABLE 12: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH WITHIN 
DIFFERENT SECTIONS OF THE SAMPLES IN GROUP III USING 
ANOVA 
Sections Mean SD P value 
Cervical 16.58 0.7822 
<.00001** Middle 14.28 1.2933 
Apical 12.07 1.0246 
Note -   ** denotes significant at 1 level. 
 
TABLE 13: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH WITHIN 
DIFFERENT SECTIONS OF THE SAMPLES IN GROUP IV USING 
ANOVA 
Sections Mean SD P value 
Cervical 15.84 1.06 
<.00001 Middle 13.78 1.3157 
Apical 12.83 1.0204 
Note -   ** denotes significant at 1 level. 
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TABLE 14: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH IN ALL GROUPS 
AT CERVICAL THIRD USING ANOVA 
Groups Mean SD P value 
No treatment 12.184 0.8191 
<0.00001** 
9.6% HF acid 17.578 1.1919 
Sand blasting 16.578 0.7822 
Laser 15.84 1.06 
Note -   ** denotes significant at 1 level. 
 
TABLE 15: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH IN ALL GROUPS 
AT MIDDLE THIRD USING ANOVA 
Groups Mean SD P value 
No treatment 10.011 1.1277 
<0.00001** 
9.6% HF acid 15.439 1.0043 
Sand blasting 14.282 1.2933 
Laser 13.776 1.3157 
Note -   ** denotes significant at 1 level. 
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TABLE 16: THE MEAN AND STANDARD DEVIATION 
COMPARISON OF PUSH OUT BOND STRENGTH IN ALL GROUPS 
AT APICAL THIRD USING ANOVA 
Groups Mean SD P value 
No treatment 11.023 1.3083 
<0.00001** 
9.6% HF acid 15.947 1.2344 
Sand blasting 12.069 1.0246 
Laser 12.829 1.0204 
 
Note -   ** denotes significant at 1 level. 
 
TABLE 17: TUKEY HSD INTER GROUP COMPARISON OF PUSH 
OUT BOND STRENGTH AT CORONAL THIRID 
Treatments  
pair 
Tukey HSD  
Q statistic 
Tukey HSD  
p-value 
Tukey HSD  
inferfence 
No treatment vs 9.6% HF acid 17.4387 0.0010053 ** p<0.01 
No treatment vs Sand blasting 14.2057 0.0010053 ** p<0.01 
No treatment vs Laser 11.8198 0.0010053 ** p<0.01 
9.6% HF acid vs Sand blasting 3.2330 0.1204794 insignificant 
9.6% HF acid vs Laser 5.6189 0.0017766 ** p<0.01 
Sand blasting vs Laser 2.3859 0.3454779 insignificant 
Note –** denotes significant at 1 level. 
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TABLE 18: TUKEY HSD INTER GROUP COMPARISON OF PUSH 
OUT BOND STRENGTH AT MIDDLE THIRID 
Treatments  
pair 
Tukey HSD  
Q statistic 
Tukey HSD  
p-value 
Tukey HSD  
inferfence 
No treatment vs 9.6% HF acid 14.3992 0.0010053 ** p<0.01 
No treatment vs Sand blasting 11.3300 0.0010053 ** p<0.01 
No treatment vs Laser 9.9877 0.0010053 ** p<0.01 
9.6% HF acid vs Sand blasting 3.0693 0.1510661 insignificant 
9.6% HF acid vs Laser 4.4116 0.0178726 * p<0.05 
Sand blasting vs Laser 1.3423 0.7557706 insignificant 
Note –** denotes significant at 1 level. 
TABLE 19: TUKEY HSD INTER GROUP COMPARISON OF PUSH 
OUT BOND STRENGTH AT APICAL THIRID 
Treatments  
pair 
Tukey 
HSD  
Q statistic 
Tukey 
HSD  
p-value 
Tukey HSD  
inferfence 
No treatment vs 9.6% HF acid 13.4935 0.0010053 ** p<0.01 
No treatment vs Sand 
blasting 
2.8664 0.1972399 insignificant 
No treatment vs Laser 4.9491 0.0066165 ** p<0.01 
9.6% HF acid vs Sand blasting 10.6271 0.0010053 ** p<0.01 
9.6% HF acid vs Laser 8.5444 0.0010053 ** p<0.01 
Sand blasting vs  Laser 2.0827 0.4651757 insignificant 
Note –** denotes significant at 1 level. 
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GRAPH 1: MEAN COMPARISON OF PUSH OUT BOND STRENGTH 
WITHIN DIFFERENT SECTIONS OF THE SAMPLES IN GROUP I 
USING ANOVA 
 
GRAPH 2: MEAN COMPARISON OF PUSH OUT BOND STRENGTH 
WITHIN DIFFERENT SECTIONS OF THE SAMPLES IN GROUP II 
USING ANOVA 
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GRAPH 3: MEAN COMPARISON OF PUSH OUT BOND STRENGTH 
WITHIN DIFFERENT SECTIONS OF THE SAMPLES IN GROUP III 
USING ANOVA 
 
 
GRAPH 4: MEAN COMPARISON OF PUSH OUT BOND STRENGTH 
WITHIN DIFFERENT SECTIONS OF THE SAMPLES IN GROUP IV 
USING ANOVA 
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GRAPH 5: MEAN COMPARISON OF PUSH OUT BOND STRENGTH 
IN ALL GROUPS AT CERVICAL THIRD USING ANOVA 
  
 
GRAPH 6: SHOWS THE MEAN COMPARISON OF PUSH OUT BOND 
STRENGTH IN ALL GROUPS AT MIDDLE THIRD USING ANOVA 
 
 
0
2
4
6
8
10
12
14
16
18
20
No treatment Acid Sand blast Laser
P
u
sh
 o
u
t 
b
o
n
d
 s
tr
en
gt
h
 (i
n
 M
Pa
)
Cervical
17.57
16.57 15.84
0
2
4
6
8
10
12
14
16
18
No treatment Acid Sand blast Laser
P
u
sh
 o
u
t 
b
o
n
d
 s
tr
en
gt
h
 (i
n
 M
Pa
)
Middle
10.01
15.43
14.28 13.77
11.33 
Tables and Graphs 
 
GRAPH 7: SHOWS THE MEAN COMPARISON OF PUSH OUT BOND 
STRENGTH IN ALL GROUPS AT APICAL THIRD USING ANOVA 
 
 
GRAPH 8: SHOWS MEAN COMPARISON OF SURFACE 
ROUGHNESS IN ALL FOUR GROUPS 
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GRAPH 9: SHOWS OVERALL COMPARISON OF ALL THE 4 
GROUPS AT THREE DIFFERENT LEVELS 
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DISCUSSION 
The preservation of the coronal tooth structure of root filled teeth to 
maintain its structural integrity and function is considered as one of the most 
important factor that is essential for the long term success of the endodontic 
therapy.
100 
Root filled teeth with extensive loss of tooth structure makes 
retention of subsequent restorations more problematic and increases the 
likelihood of fracture during function. Therefore, endodontically treated teeth 
that have severe coronal damage and weak radicular portion are restored with 
posts and cores so that it can reinforce its form and function.
102 
The primary function of the post is to retain the core and to enhance 
retention and resistance features. The use of posts in the root canal space has 
history of at least 300 yrs.
101
 In 1728, Pierre Fauchard depicted the utilization 
of “tenons,” which were metal posts screwed into the roots of teeth to retain 
bridges. In the mid- 1800s, wood replaced metal as the post material, and the 
“pivot crown,” a wooden post fitted to an artificial crown and to the canal of 
the root, was well known among dental practitioners. Often, these wooden 
posts would ingest fluids and grow, possibly causing root fractures.
101, 
During the 1930s, the custom cast post-and-core was developed which 
provides a better geometric adaptation to excessively flared or elliptical or 
tapered canals but they were extremely rigid, promote stress concentrates in 
isolated points that increases the risk of root fracture and highly unesthetic. 
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Pre-fabricated post systems have become more popular because they can 
provide satisfactory results while saving time and reducing cost.
80 
There are studies proving that the fibre post with its modulus of 
elasticity approximating the root dentin, effectively transmit and distribute the 
stresses uniformly throughout the root canal walls strengthening the root 
dentin
78,41,30
. Clinical studies on the fibre posts proved long term survival rates 
and negligible root fractures.
16 
Fibre reinforced posts have been used for more than thirty years (Duret 
et al. 1990) in post endodontic restoration. Various types of prefabricated 
fibre posts are available according to the fibre used; carbon fibre post, quartz 
fibre posts, glass fibre post, ceramic fibre post and zirconia reinforced fibre 
posts. The fibre content usually ranges from 35-65% which provides greater 
strength and stiffness.
30 
A carbon fibre post was the first generation of fibre based posts 
introduced by Duret et al in 1990. The main disadvantage of carbon fibre post 
was its dark colour, which was a major drawback in restoration of esthetically 
concerned endodontically treated teeth.
70,88
 
Later in history the esthetic requirements were fulfilled with the 
developments of tooth coloured quartz and glass fibre post.
80
 Glass fibre posts 
were introduced in late 1992, where the carbon fibres were replaced with 
unidirectional glass fibres embedded in a resin matrix that strengthens the post 
without compromising the modulus of elasticity.
90
  
Discussion 
 
 
49 
 
Even though all fiber posts consist of fibres and matrix, they all don’t 
have similar mechanical properties.
43
 Retention and resistance are the two 
important principles of the post. Post retention refers to the ability of a post to 
withstand vertical dislodging forces. The factors affecting post retention are, 
1. The length of the post 
2. The diameter of the post 
3. The design of the post 
4. The luting cements and the method of application of the luting 
cements. 
5. The shape of the canal and the adaptation of the post to the root 
dentin.
86
 
Among the above mentioned factors luting of the post plays vital role in 
retention of the post. 
Various researches indicate that failure of post and core often occurs 
because of debonding between the fibre post, resin cement and root canal 
dentin interfaces because of inadequate bond strength. Among this, fiber post-
cement interface is one of the levels where a debonding failure occurs.
66
 
Therefore, selection of an ideal cement for luting of the post is mandatory. 
The two main functions of the luting cements are to increase the 
retention between the post and root dentin and to maintain the integrity of the 
post dentin interface thus reducing microleakage.
26 
Rosenteil(1998) and his 
colleagues enumerated ideal requirements of luting cements which include, it 
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should be a adhesive, should have sufficient strength to resist functional 
forces, easy to manipulate with low viscosity at mixing, low water solubility, 
less water sorption, radiopaque, biocompatible with anticaries activity and 
cost effective.
74 
Conventional luting cements such as Zinc-phosphate cements, zinc-
polycarboxilate cements and glass-ionomer cements are basically water-based 
cements.
100
 They are characterized by simple cementing techniques, but they 
possess limited mechanical properties and high solubility into the oral fluids 
and employ non adhesive mechanical retention. Resin modified glass ionomer 
also found to be less retentive when subjected to cyclic loading.
59 
Contemporary resin based luting cements claim to provide chemical 
bonding to both organic and inorganic components of the teeth to achieve 
retention.
33,34
 Resin cements were introduced in the mid-1980s, these 
materials have a setting reaction based on polymerization. Resin cements 
essentially contain polymers to which fillers have been added to reduce the 
coefficient of thermal expansion and water sorption thereby increasing the 
strength of polymers. 
Resin cements can be:  
Methyl methacrylate based resin cements - were produced in 1950’s 
however had poor physical properties, that is, high polymerization shrinkage 
and microleakage in view of low filler content. They also had high residual 
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amine levels which contributed to significant colour change after 
polymerization. 
Aromatic Dimethacrylate based resin cement - The bis-GMA (2,2-
bis[4-(2 hydroxy-methacryloxypropoxy) phenyl] propane) resin, an aromatic 
ester of dimethacrylate, synthesized from an epoxy resin and methyl 
methacrylate. Bis-GMA is extremely viscous and posses low viscosity. The 
overcome it triethylene glycol dimethacrylate is blended with it. 
Ferrari and Scotti have highlighted the merits of resin cement and they 
claim that the similar composition of fibre posts and the resin cements enable 
them to function together along with the root dentin as a single biomechanical 
homogenous unit and thus contribute to the absorption of the stress.
34 
According to curing mode, resin cements may be light curing, dual 
curing or self curing materials. Additionally, resin cements may be 
categorized into the following three groups, based on the adhesive system they 
use, i.e. – their adhesive approach.100 
1. Cements with etch-and-rinse adhesives 
2. Cements with self-etching adhesives 
3. Self-adhesive cements.  
The first one Etch and rinse system, utilizes phosphoric acid etching 
that completely dissolves the smear layer and creates a zone of demineralised 
dentin for better bonding. But etch and rinse adhesives are generally 
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considered to be technique sensitive (Van Meerbeek et al. 2003). Regardless 
of the bonding technique used, the possibility for discrepancy between depth 
of dentin demineralization and monomer infiltration was recognized as a main 
drawback of etch-and-rinse adhesives.
92,100 
Cements used with self-etching adhesives are simpler and more user 
friendly. Since rinsing phase is excluded, so is the need for establishing the 
debatable optimal level of moisture on dentin surface, which significantly 
reduces technique sensitivity. Another characteristic of self-etching systems is 
simultaneous demineralization and infiltration of resin monomers as well as 
incorporation of smear layer into hybrid layer.
93
  
A potential problem with the self etch adhesives is the acid base 
reaction of the acidic monomers with the amine initiator system decreasing 
the concentration of the amines and hence the free radical, thus reducing the 
initiation of polymerisation.
48
 This retard polymerisation occurs in the 
adhesive layer making it more porous which interferes with the bonding 
potential of the cement. These inherent limitations of the self etch adhesive 
cements lead to the development of the most recent and versatile self adhesive 
resin cement.
6 
As stated by J.L. Ferracane, self – adhesive resin cements are defined 
as cements based on filled polymers designed to adhere to the tooth structure 
without any requirement of any pre-treatment of tooth substrate.
35
 The final 
set cement has highly cross linked methacrylate network by binding of the 
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monomers to the calcium in the root dentin forming a chelate, which is three 
dimensionally reinforced. 
Phosphoric acid funcionalised methacrylates is a critical component of 
self adhesive cements and they create a pH around 1.5 to 3. These acidic 
methacrylates are considered critical because apart from etching they form a 
strong aqueous insoluble salt complex with the calcium in the hydroxyapatite. 
The adhesion obtained is claimed to rely on the micro mechanical retention 
and the chemical interaction between the monomer acidic groups and 
hydroxyapatite. It attributed the higher bond strength by forming longer resin 
tags within dentinal tubules.
35
 
In order to maximize bonding of resin cement to fibre post various 
post surface treatments have been investigated so far.
60
 From the literature, 
majority of fibre posts benefit from surface treatment, though the best 
treatment is not the same for every post. Fibre post surface treatment 
procedures fall within three categories:
56,87
 
1. Treatments that result in chemical bonding between composite and 
Post (coating with primer solutions) 
2. Treatments that roughen the surface (sandblasting and etching) 
3. Treatments that combine both a micromechanical and chemical 
component, either by a combination of the two above-mentioned treatments or 
by the use of specific systems.  
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4. Recently as a latest development, laser technology was found to 
produce an impact on alteration of material surface to increase the surface area 
for better bond strength. 
Surface treatments are frequently used methods for enhancing the 
general adhesion properties of a material by facilitating chemical and 
micromechanical retention between the different constituents. In adhesive 
dentistry, surface conditioning techniques have been developed for natural 
substrates such as enamel and dentine, and restorative materials.
60
 
The concept of conditioning artificial substrates to improve bond 
strength is exemplified by the etching of Maryland bridges and feldspathic 
porcelain restorations. Based on the same principle, different conditioning 
procedures, initially proposed for ceramics, have also been tested for fibre 
posts.
60 
Surface treatments of glass fibre posts have been shown to increase the 
surface area by exposing the glass fibres and filler particles that can be 
reached by the resin luting cements to improve the bond strength.
10,19
 
Therefore, the aim of the study is to evaluate the surface roughness and push 
out bond strength of glass fiber post with and without surface pre-treatments. 
This study was performed on sound extracted human natural central 
incisors. According to Mendoza et al and O Keefe et al artificial root cannot 
mimic natural dentin and their adhesion to the post is unrealistic and not 
similar to clinical situations. Furthermore, Strub et al stated that natural teeth 
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have higher fracture resistance than artificial ones. As this study was 
comparative, the minor inaccuracies were considered for the validity of the 
overall calculation. 
The teeth were stored in for 3% NaOCl solution for 2 days at room 
temperature to remove organic debris. Subsequently teeth were subjected for 
ultrasonic scaling and cleaned with water to remove calculus and soft tissue. 
Preoperative radiographs were taken for each tooth to confirm the canal 
anatomy and check for aberrancy. Change in the root canal anatomy may 
significantly affect the result of the study. 
Teeth were sectioned with the cemento-enamel junction as reference 
point with root length of 15 mm to standardize the working length. 
In this study, to simulate the clinical scenario the root canals were 
prepared using hand instruments following all the protocols of biomechanical 
preparation by step back technique as described by Mullaney.
18,99 
Root canal irrigation plays an important role in the debridement and 
disinfection of the root canal system and is an integral part of root canal 
preparation procedures. In the present study, 3% sodium hypochlorite was 
used as an irrigating solution because it is an effective antimicrobial agent, 
serves as a lubricant and also, it has effective tissue dissolving properties.
99 
Sodium hypochlorite was not used as the final irrigating solution. 
Instead 17% EDTA was used as a final irrigant, because several studies have 
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shown that exposure of NaOCl results in reduced resin bond strength. It is 
believed that this occurs because NaOCl is an oxidizing agent that leads to the 
oxidation of some component of dentin matrix. Oxygen also has been shown 
to inhibit the polymerization of resins. The manufacturer, also recommends 
that EDTA to be used as a final irrigant, as they feel that sodium hypochlorite 
may weaken the seal.
8 
Lateral condensation of gutta-percha has remained the most widely 
used method of obturating root canals and servers as a reference for assessing 
other obturating techniques. Abramovitz suggested that 3-6mm of gutta 
percha to be left to maintain apical seal.
2
 But in many other later studies, 
authors recommend 4-5mm of remaining gutta percha after post space 
preparation. It allows for proper apical seal. So the level of 4-5mm was 
chosen for this study.
43 
In this study post space was prepared as per manufacturer’s 
recommendation, that are initially Peeso reamer No 1, 2 and 3 was used upto 
10mm and later the respective drills are used in sequence. Similar method was 
advocated by Gerald et al. 
 In this present study, light transmitting Easy glass fiber post 
(Dentsply) was employed, because the use of light-transmitting posts has been 
suggested to enhance resin cure at all root levels. This post has uniform taper 
in radicular portion and radiopaque. 
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 According to the manufacturer, the resin matrix employed in this post 
system is the epoxy resin matrix of 40% and inorganic component of fibre 
post is zirconium enriched glass fibre of 60% volume. These glass fibres 
according to the manufacturer have flexural strength of about 1600MPa and 
elastic modulus similar to that of root dentin. The glass fibres are 
unidirectionally arranged and also placed parallel to the long axis of the post 
to enable them to absorb and distribute the load. 
The post size 1 with 0.8 mm apical diameter and 1.47mm coronal 
diameter was selected. This post incorporates linear tapering which facilitate 
better adaptation of the post to the root dentin with minimal dentin removal. 
This similar congruency between the fibre post and the root dentin results in 
better adaptation of the post to the dentin. This allows thin and uniform layer 
of resin cement which improves the adaptation and quality of bonding 
interface between the root dentin and the posts. This uniform layer of resin 
cement also facilitates homogenous stress distribution in both the 
interfaces.
86,87 
Non abraded fibre posts had a relatively smooth surface area, which 
limited mechanical interlocking between the post’s surface and the resin 
cement, and a purely adhesive failure was observed for all non abraded fibre 
posts.
54 
In Group I, no treatment was done on the post surface and it kept as 
control.  
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In Group II, 9.6% hydrofluoric acid was applied on the post surface for 
20 seconds and rinsed with water. Etching with hydrofluoric acid is intended 
to create a roughening of the surface, which allows for micromechanical 
interlocking with resinous restoration.
58,59
 The effect of the acid has been 
proved to be time dependent and influenced by the post composition. It was 
stated that surface treatment with 9.6% hydrofluoric acid for 60s did not 
improve the strength of bond between individually formed glass fibre post and 
resin-core materials. This is due to extreme corrosive effect of hydrofluoric 
acid on glass phase of the post.
58,82 
Therefore, in this study as suggested by 
Akin et al 9.6% hydrofluoric acid was used for 20secs to get improved 
results.
82 
In Group III, sand blasting was performed over the post surface and 
surface roughness was evaluated under SEM. Some of the researchers sand 
blasted the glass fibre posts with 50 µm Al2O3 particles at 2.5 bar pressure for 
only 5seconds from a distance of 30mm, where only surface changes and no 
improvement in bond strength was noted. Other studies did different 
application procedures by increasing the bar pressure to 2.8, particle 
size110µm Al2O3 particles and reducing the distance to 10mm which resulted 
in visible dimensional changes leading to more structural loss. Therefore, in 
this present study, sand blasting was done with 110µm Al2O3 particles at 2 bar 
pressure for 10 seconds from a distance of approx., 10mm.
82,19,10
 2010, and 
this regimen did not produce visible changes in the post surface. 
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In Group IV, Er:YAG laser irradiation was done to post surface to 
increase the surface roughness and surface area. 
Laser technology has developed rapidly and is being applied in 
different areas of dentistry. Various wavelengths have been used as 
alternatives to surface treatment methods that seek to improve the bond 
strength of restorative materials.
39 
Previous studies have suggested that laser 
irradiation for post surface treatment has a positive effect on the bond strength 
to resin cement. However, because the interaction of laser radiation with a 
target material varies depending on the parameters used, for example, 
wavelength, studies seeking to optimize the adhesive resin cement-post-dentin 
interface become necessary. The use of several laser types such as Nd:YAG, 
Er:YAG, erbium, chromium: yttrium, scandium, gallium, garnet 
(Er,Cr:YSGG) and carbon dioxide (CO2) lasers have been studied also for 
dental applications.
82,87 
Among the various laser types employed in dentistry, the 
neodymium:yttrium-aluminum-garnet (Nd:YAG) laser and erbium: yttrium-
aluminum-garnet (Er:YAG) laser were the most highly recommended to carry 
out roughening of materials, due to their high power.
89
 Nd:YAG laser has the 
disadvantage of larger pit formation on fiber post surface which eventually 
affected the tensile bond strength.
82 
Therefore, in this study Er:YAG laser is 
selected for comparison. 
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Er:YAG lasers were pulsatile laser system applied in a non contacting 
mode 1mm away from the glass fibre post, under cooling. Many instrumental 
setups have been used in the previous studies and application of lasers in 
different parameters such as energy, output and pulse duration was analysed. 
In this present study, based on Akin et al protocol Er:YAG laser with 
150mJ,10Hz and 1.5W was used.
82 
The Control group and experimental groups were analysed under 
Scanning Electron Microscope for surface roughness. The advantage of taking 
a SEM image was, it showed the surface changes at different resolutions more 
precisely which was distinguishable. Moreover, in recent times of research the 
SEM image itself has taken for surface roughness analysis itself. Usually the 
surface analysis was done using profilometer but nowadays due to recent 
advances in imaging technology, the 2D images captured under microscope 
are reconstructed and deviation in the surface is being analyzed using various 
imaging software. 
A surface is constituted of form (profile), waviness and roughness. 
Form is the overall shape of a surface and is commonly quantified as vertical 
loss or step height. Waviness is the medium wavelength band within a surface. 
There are different ways to quantify surface roughness, with amplitude 
parameters being one such method. Amplitude parameters quantify the height 
deviations of the measured surface, 2D parameters are calculated from a 
single profile. In comparison 3D parameters are calculated from the overall 
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surface measured and provide a robust and more balanced description of the 
surface. This permits stable results to be obtained.
61 
The images obtained with SEM under x500 were analyzed with 
software (Mountains Map Premium 6; Digital Surf). A mean roughness 
profile was achieved from each image, and the parameters were determined 
for Ra mean. The mean value was then calculated. The measurements were 
taken more than one time to obtain the mean surface roughness value (Ra) for 
all the groups. Three 275×275 mm images were scanned for each tested 
specimen. Roughness profiles were determined for each area with MMP 
software, that is, 512 profiles each in the north-south and east-west direction. 
Each individual profile was used to establish roughness parameters. To 
determine the final roughness parameters for the tested surfaces, the 
arithmetic mean was established for values from all 1024 profiles for 3 
scanning fields. These results were analyzed statistically.
84 
In this study dual cure self adhesive resin cement RelyX U 200 (3M 
ESPE) was used because it reduces the clinical steps of etching, bonding and 
application of conventional resin luting cement. The multistep application 
technique has been reported to be complex and sensitive, and compromise 
bonding effectiveness (Mendoza 1994).  
The pH of the RelyX U 200 is<2. The particle size is 12.5µm with a 
filler load of 43%. The working time from the start of mixing is 2 minutes and 
30 seconds with curing time of 40 seconds from the occlusal surface, as 
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provided by the manufacturer. Two types of reaction takes place from start of 
mixing to final set. Primarily, the acid base reaction commences immediately 
after mixing the components of the cement or on contact with the tooth.
17 
Secondarily, the self adhesive cements undergo triple polymerisation 
induced by light exposure, oxide- reduction process and continuous processes 
even after cessation of light exposure (dark reactions)
14
. The cement is 
initially hydrophilic to enable efficient wetting of the dentin. This improves 
the moisture tolerance of the cement and hence the quality of the interface. 
The adhesion is claimed to be obtained from highly cross linked methacrylate 
network, micromechanical retention and the chemical interaction between the 
monomer acidic groups and the hydroxyapatite.
12 
The push out bond strength was employed to measure the bond 
strength in MPa between the root dentin, the resin luting cement and fibre post 
at three different levels of the root dentin categorized as cervical, middle and 
apical third. Goracci et al have highlighted the parameters that influence the 
bond strength tests and they include the geometry of the specimen, the size of 
the bonded surface area, the loading configuration and the type of the resin 
luting cement to be tested.
40 
The push out tests proved to be more effective as it provided 
measurements with limited data variability. These push out tests had the 
ability to record low levels of the bond strength which was inherent in all the 
post- cement-root dentin bonds. The premature failure rates of the specimens 
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were also less when push out bond strength was employed. Comparison of the 
push out tests and the micro tensile stresses using finite element analysis 
revealed that the push out bond strength demonstrated much less variability. It 
also demonstrated more homogenous shear tensile concentration around the 
resin luting cement.
58,59
  Bitter from their studies stated that push out tests 
produces shear stresses comparable to the shear stress developed during the 
clinical conditions at the post-cement-dentin interface.
15 
The limitations of push out tests are 
1. The push out test when performed on thick root sections or on 
whole post causes non – uniform shear stress distribution. 
2. The specimen position, the angle at which the load is applied 
influences the push out bond strength results. 
To overcome these limitations the specimens were modified in our 
study to obtain 1mm thick dentin slices.  
A custom made stainless steel platform was fabricated with a punch 
hole in the center of the platform. The diameter of this punch hole is made 
0.2mm greater than the greatest diameter of post. The specimen were placed 
such that the portion of the specimen with the fibre post corresponds to the 
punch hole and the root dentin surface rests on the platform. The post 
segments were loaded with a cylindrical plunger of 1 mm in diameter centered 
on the post segment in apico-coronal direction; contact with the surrounding 
dentin surface was avoided. 
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Data were collected and statistically analysed by ANOVA and Pos 
Hoc tukey test. The statistical analysis rejected the null hypothesis. 
 The results obtained from the evaluation of surface roughness clearly 
demonstrates that post surface treatments with  9.6% Hydrofluoric acid, sand 
blasting, irradiation with Er:YAG laser significantly created surface roughness 
and increased the bonding surface area. The statistical analysis showed 
significant difference between all the groups with mean surface roughness 
value of 6.33±0.30µm in Group I, 8.14±0.22µm in Group II, 8.66±0.25µm in 
Group III, Group IV 7.4±0.41µm and p value <0.0001. This result is 
consistent with the results of Akin et al.
82 
From results obtained, Group II at Cervical, middle and apical third 
recorded higher push out bond strength values compared to other groups at all 
the three levels. The higher bond strength of Group II can be attributed to the 
better penetration of the resin tags into the dentinal tubules which are exposed 
after acid etching. But it showed linear decline in push out bond strength 
within the Group In the order of cervical followed by middle and apical third. 
This can be attributed to the better penetration of the resin tags into coronal 
dentinal tubules which were considerably higher in number and greater in size 
than middle and apical third.
15 
This result is consistent with Akin et al, 
Monteceli et al and contradicted with other previous studies balbosh et al,Kern 
et al, Albashaireh et al where they suggested that increased cement thickness 
in the cervical region negatively affected the bond strength.
10,5,58 
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The results of present study showed significant reduction of push-out 
bond strength in Group III, surface treated with sand blasting compared to that 
of Group II at all the levels. The results of the present study are in agreement 
with those of Magni et al and Tuncdemir et al. They used sand particles of 
different sizes 50µm and 100µm on post surfaces and reported similar results. 
Another study showed that an air abrasion treatment 110µm alumina particle 
achieved tensile bond strength between resin and post by increasing the 
surface roughness that supported by SEM images. This suggested that 
increase in particle size significantly increases amount of the surface structure 
removal and weakens the post.
82
 Therefore, when the post treated with 
sandblasting and other mechanical treatments, amount of surface roughness 
created alone cannot be explained for observing high Push-out bond strength 
in the resin-post interface. 
The results of the present study did not confirm the suggestion of 
Soares et al, where he states, the treatment of fibre post surfaces with sand 
particles enhances surface roughness and created monoblock interlocking, 
resulting in a strong bond between resin and the fibre post.
85 
The results of Er:YAG lasers have been shown to be significantly 
more effective than control group. Push-out bond strength was decreased in 
comparison with acid and sand blasting at cervical third and there was no 
significant difference between sandblasting and laser at apical third. This 
result was in agreement with the results of Akin et al’s study.82 
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The principal effect of laser energy is the conversion of light energy 
into heat, and the most important interaction between the laser and substrate is 
the absorption of the laser energy by the substrate. The pigmentation of the 
surface and its water content along with other surface characteristics 
determine the amount of energy that is absorbed by the irradiated surface. In 
dentinal surfaces, the incident energy is absorbed by water molecules present 
in dentin crystalline structures and organic components. The laser produces 
microexplosions during hard tissue ablation, resulting in macroscopic and 
microscopic irregularities that may create a surface for adhesion. 
Nevertheless, zirconia ceramic is a water-free material, and has an opaque 
coloration, which might influence the absorption of laser energy. Furthermore, 
the mechanical properties of zirconia ceramics might be negatively affected 
by changes in temperature, which might induce phase transformation.
89,84 
 It was related to 3 factors: first, during the laser irradiation with 
contact on the fiber post surface, a carbonization area occurred which 
significantly interfere with the cement.
52 
Er:YAG lasers use a water irrigation system wherein water is directly 
applied to the surface, thus forming a film of water on the irradiated area. 
Because the energy of erbium lasers is well absorbed by water, the water 
pellicle formed on the abladed surface of the glass fiber post during irradiation 
with Er;YAG laser may have consumed energy and influence the bond 
strength.38 It could be explained that resin cement could penetrate into cavities 
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which produced by the separation of fibres. However, thirdly, these fibre 
separations could impair the post.
89,39
 
Therefore, future investigations could focus on fracture strength of 
fibre posts after irradiation and various parameters of wavelength, frequency 
and irradiation time. 
 
  
 
 
 
 
 
 
Summary 
 
 
Summary 
 
 
 
68 
 
SUMMARY 
The purpose of the study was to evaluate the surface roughness of 
glass fibre post under scanning electron microscope and to compare the push-
out bond strength with and without surface pre-treatments at three different 
levels.  
In this invitro study 40 extracted human maxillary central incisors were 
selected. The teeth were decoronated at 15mm coronally from the root apex. 
The teeth samples were mounted in the tooth coloured acrylic block 
embedding the root inside the resin. The teeth were subjected to root canal 
treatment in which biomechanical preparation was done by step back 
technique, irrigation protocol with 3 % NaOCL and 17% EDTA, and 
obturation done by cold lateral condensation technique using 2% gutta percha 
and AH plus root canal sealer. The post space preparation was done with 
peaso reamers size1, 2 and 3, leaving a minimum 4mm apical seal and created 
a standard post space of 10mm. 40 glass fibre post (Easy Post, Dentsply) were 
divided into 4 groups based on the surface treatment of the post with 10 in 
each. Group I: Without Pre-treatment (Control Group) (10 Nos), Group II : 
Pre-treatment with 9.6% hydrofluoric acid (10 Nos), Group III : Sandblasting 
with 110µm aluminum oxide particles (10 Nos), Group IV : Pretreatment with 
Er: YAG Laser (10 Nos). The surface roughness analysis with and without 
pre-treatment was done under Scanning Electron Microscope and measured in 
Mountains map premium 7.4 software. The posts were luted with Self 
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adhesive resin cement (RelyX U200) and light cured for 40seconds. 40 
samples luted with glass fibre posts were transversely sectioned perpendicular 
to the post starting at 6mm from the apex of the specimen using a hard tissue 
microtome under continuous irrigation. In this manner, 3 slices of 1.0±0.2mm 
were created pertaining to the cervical, middle and apical region of each root 
specimen resulting in 30 slices/ group. Push-out bond strength was evaluated 
using universal testing machine at a cross head speed of 0.5 mm/min. The 
values were subjected to statistical analysis, one way ANOVA and Post Hoc 
Tukey HSD test. 
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CONCLUSION 
Within the limitations of present study, it was concluded that: 
1. All the surface pre-treatments had significantly increased the surface 
roughness and push out bond strength compared to that of control 
group without pre-treatment. 
2. Surface roughness created by pre-treatments was higher in the order of 
sand blasting followed by 9.6% hydrofluoric acid and then by laser. 
3. Pre-treatment with 9.6% hydrofluoric acid for 20 seconds recorded 
highest Push-out bond strength in cervical third of the root dentin 
followed by middle third and exhibited slightly lesser values in apical 
third among all the groups, thus favouring uniform stress distribution 
along the root dentin-luting cement-post interface. 
4. Pre-treatment with sand blasting showed significant decrease in push 
out bond strength of the post when compared to that of hydrofluoric 
acid group at all levels can be due to increased amount of material 
removal from the post in spite of increased surface roughness. 
5. Pre-treatment with Er:YAG laser showed better push-out bond strength 
which was comparable to the results of sand blasting, so that it can be 
used as an alternative to sand blasting in clinical situation. 
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